Cigarette smoking can lead to pivotal morphological changes in several human and animal tissues, especially when the exposure occurs during neonatal life. We evaluated the livers and spleens of C57BL/6 neonatal mice to determine possible morphological changes induced by exposure to cigarette smoke. In total, 15 C57BL/6 adult mice were used for mating, placing 2 female mice per male mouse for a 5-day period. Pregnant female mice were divided into 2 groups: the first group (ICS21) consisted of 5 female mice that were exposed to 4 cigarettes, 3 times daily for 21 days. They were subjected to 6 min of exposure per cigarette in an inhalation chamber. The second group (CG) consisted of 5 female mice that were not exposed to cigarette smoking and was used as a control group. Seven neonatal mice from both groups were weighed 24 h post-birth and then euthanized. Their livers and spleens were weighed and fixed for routine histological processing. Morphometric analysis was used to assess possible hepatic inflammation, measure hepatic glycogen and collagen deposition areas. Total spleen area, white pulp, and red pulp were identified. A reduction in body weight was observed in ICS21 mice as compared to CG mice, and a similar trend was observed in the liver and spleen weights. Histological analysis indicated the presence of more number of inflammatory cells in the ICS21 livers than that in the CG livers. Moreover, smaller hepatic glycogen deposition areas were observed in ICS21 mice than that in CG mice. However, no difference in hepatic collagen deposition was observed between the 2 groups. No differences were observed in the areas of the total organ and the white and red pulp areas between the 2 groups. However, the proportion of the white pulp and total area was lower in the ICS21 spleens than that in the CG spleens. Our results indicate that exposure to cigarette smoke during neonatal life can induce changes in fetal tissues, which translate to several changes in the organs of the neonatal mice.
Introduction
Tobacco use by pregnant women leads to changes in fetal organ development, which often leads to negative consequences in the offspring's life, such as depression and formation of depressionassociated immune diseases [1] [2] [3] . Approximately 20%-50% of women report smoking during early pregnancy [4] , and 50% of pregnant nonsmokers are exposed to secondhand smoking during pregnancy [5] . Maternal smoking is associated with fetal growth retardation, increased risk of premature delivery, low birth weight [6, 7] , and an increased risk of obesity in the offspring [8, 9] . Obstetric and fetal complications associated with smoking include placental abruption [10] , spontaneous abortion [11] , and sudden infant death syndrome [12, 13] .
The pathophysiology of tissue damage associated with cigarette smoke and the oxidant/antioxidant imbalance caused by the release of reactive oxygen species have been widely studied. Oxidative stress occurs when free radicals formation exceed the defense promoted by antioxidants agents. Tobacco use causes the release of many substances in the body that have the direct potential of forming free radicals and activating inflammatory cells, such as macrophages and neutrophils, which also produce reactive oxygen species, ultimately increasing the tissue concentration of harmful substances. An important method for assessing oxidative damage of lipids, which is common in active and passive smoking, is the Thiobarbituric Acid Reactive Substances (TBARS) assay that measures malondialdehyde levels [14] . In response to oxidative stress, antioxidants are activated to neutralize the oxidants and prevent tissue damage [15] . The antioxidant defense system includes antioxidant enzymes such as Superoxide Dismutase (SOD), Catalase (CAT), and Glutathione Peroxidase (GPx) [16] .
Because of their roles in the postpartum period and during development, the liver and spleen are essential for metabolizing toxic substances and regulating the immune system's reaction to these substances. This study aimed at quantitatively and qualitatively evaluating the inflammatory changes that occur in the liver and spleen of neonatal animals that were exposed to cigarette smoke during pregnancy.
Materials and Methods

Animals
Animal care and experimental procedures were approved by the Ethics Committee on Animal Use (CEUA) at the Federal University of Ouro Preto (UFOP), under protocol number 2010/047, and they followed the rules established by the Brazilian Society of Laboratory Animal Science (SBCAL). During all experiments, animals were kept at ambient temperature (21°C ± 2°C) and light cycles controlled vivarium at the School of Nutrition (UFOP), with food and drinking water ad libitum. For breeding, 10 female and 5 male mice, (approximately 25g and 31g each, respectively) all of the Mus musculus strain C57BL/6, were used. Mating occurred through placing 2 female mice and 1 male mouse in a breeding box for a 5-day period. Pregnancy in the female mice was confirmed through observation of the vaginal plug and the vaginal smear [17] . Pregnant female mice were randomly divided into 2 groups: ICS21 (group inhaling cigarette smoke), consisting of 5 pregnant female mice that were subjected to inhalation of cigarette smoke for 21 days during pregnancy, and CG (control group), consisting of 5 pregnant female mice that were exposed to ambient air.
Exposure to cigarette smoke
Pregnant animals' exposure to cigarette smoke occurred during the 21 days of gestation and was performed according to procedures described by Valenca et al. [18] . In an inhalation chamber, ICS21 mice were exposed to smoke from 12 commercial cigarettes per day, divided into 3 daily exposures. At the time of each exposure, a single cigarette (10 mg tar, 0.8 mg nicotine, and 10 mg of carbon monoxide) was attached to a 60 mL glass syringe to collect smoke for insufflations.
Smoke was collected and immediately introduced into the inhalation chamber, where it was left for 6 min, then the chamber was opened for 1 min with total exhaustion of cigarette smoke, and this procedure was repeated for each cigarette [19] .
Euthanasia and tissue collection
Euthanasia of neonatal mice was performed through decapitation 24 h after the birth of the animals from both groups. In total, 14 neonatal animals from the ICS21 and CG groups were euthanized. After decapitation, animals were perfused with 0.9% saline solution, and the liver and spleen were collected and weighed. The organs were each sectioned into 2 samples. The first sample was fixed in buffered formalin solution for at least 48 h to be used in the histological analysis, and the second sample was immediately frozen at −70°C to be used in the biochemical analysis.
Histological staining and morphometric analysis
After fixation, the liver and spleen tissue samples were processed according to routine histological techniques and embedded in paraffin blocks. Paraffin blocks were sectioned using a microtome into 4 μm thick sections, placed onto glass slides, and fixed for histological staining. Staining was performed using hematoxylin-eosin and Picrosirius-red (Bio-Optica, Milano, Italy) and periodic acid-Schiff (Bio-Optica, Milano, Italy).
All morphometric analysis was performed at the Multiuser Laboratory of the Research Center for Biological Sciences, Federal University of Ouro Preto. For counting the number of inflammatory cells present in the hepatic lobes, measured the different spleen areas, quantified the collagen fibers, quantified the glycogen deposition and determined the splenic capsule thickness we obtained 20 images randomly from histological slides that were prepared from the liver and spleen sections. These slides were scanned using the Leica Applicatoin software, and analyzed using the Leica Q-Win Plus software (Leica Microsystems, Inc., Buffalo Grove, Illinois, USA) [20] .
Statistical analysis
All data was presented as mean ± standard error of the mean. Statistical analysis was performed using the Student's t-test, unpaired for comparison between the 2 groups. The software used was GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, California, USA). Differences were considered significant at p<0.05.
Results
Biometric analysis
Body mass and body length measurements were lower in neonatal animal exposed to cigarette smoke during fetal life than that in the control animals. Similarly, the liver and spleen weights of the ICS21 animals were lower than that of the CG animals ( Table 1) . ICS21 (444.70 ± 24.21 total cells per microscopic field) animals was detected (p<0.0001), such that an extensive migration of inflammatory cells was observed in ICS21 animals ( Figure 1A ). In these animals, eosinophils, neutrophils, and other leukocytes were detected in large numbers in the liver parenchyma, compared with the control group that exhibited highly conserved hepatocyte morphology (Figure 2) . The glycogen deposition area in the CG animals (8.6 ± 1.13 × 10 6 μm 2 ) was larger than that observed in ICS21 animals (1.92 ± 0.59 × 10 6 μm 2 ), p=0.0004 ( Figure 1B and Figure 3 ). Hepatic fibrosis was not observed in the animals studied, however, ICS21 animal presents morphological characteristics of steatosis evaluable by histological slides.
Morphometric liver analysis
Morphometric spleen analysis
The splenic morphological structures of ICS21 animals appeared less organized than that of CG animals, making it difficult to identify the white pulps regions. The quantitative morphometric evaluations revealed no differences in the total splenic area between CG and ICS21 animals. Furthermore, no differences were found in the splenic capsule thickness and in the white and red pulp areas between both groups (Table 2 ). However, the proportion of white pulp area and total area was higher in the spleens of the CG animals than that in the spleens of the animals ICS21 (4.53 ± 1.07 × 10 -2 × 2.79 ± 0.25 × 10 -2 , respectively), p=0.0469 ( Figure 1C and Figure 4 ).
Discussion
In this study, we investigated morphological changes in the livers and spleens of animals exposed to cigarette smoke during their fetal life. Our findings support the hypothesis that cigarette smoking during pregnancy alters body mass, as well as liver and spleen mass, and reduces the body length of neonates. A groundbreaking study conducted by Simpson [21] linked the low birth weight of pups to maternal exposure to cigarette smoke. Moreover, a study conducted by Chen et al. [22] reported a decrease in the liver mass of offspring who were exposed to cigarette smoke during pregnancy. The decrease in the size of the puppies can be associated to maternal stress during the gestational period. Pollard [23] studying maternal stress induced by high-anxiety observed similarly decrease of body length as observed in our model of cigarette smoke exposition.
The relatively low weights of organs and animals could be caused by several factors. Vascular changes due to nicotine and carbon monoxide could limit the mother's delivery of nutrients to the fetus, restricting intrauterine growth. Similarly, catecholamine release from the adrenal glands and nerve cells due to the exposure to cigarette smoke can cause vasoconstriction, limiting placental blood flow and restricting intrauterine nutrition [24] and fetal oxygenation [25] . Low birth weight is a risk factor for many diseases, including diabetes, hypertension, cardiovascular disease, and renal disease [26] . In response to malnutrition, nutrients are selectively distributed to preserve brain growth, reducing the supply to other less vital organs. These adaptations could limit the cell number in organs such as the liver and muscles by altering the metabolism of glucose and fat [27] .
The cigarette smoke effects under body mass and organ development is directly influenced by initial time of exposition. We promote the cigarette smoke exposition since of first day of pregnancy confirmation. Esposito et al. [28] reported that while exposure of pregnant female C57BL/6 mice to cigarette smoke during the first 5 days of pregnancy caused low birth weight in the offspring, exposure after the initial 5-day period of pregnancy caused no changes in the offspring body weight.
Our splenic morphological evaluations showed lower proportion of white pulp area and total area in spleen of cigarette smoke puppies suggesting immune response alterations in these animals. A study conducted by Herscowitz et al. [29] reported that there is no difference in the magnitude of splenic cell formation in response to gestational exposure to cigarette smoke. However, the study reported an inhibition of maturation and splenic antibody response, indicating that exposure to cigarette smoke has immunosuppressive effects. Similarly, Singh et al. [3] reported changes in the cell profile of lymphoid organs, such as the spleen, in mice exposed to cigarette smoke during the neonatal period, which results in deficient immune responses and indicates immunosuppression in these neonates.
Maternal smoking can lead to many related disorders, such as insulin resistance, obesity and glucose intolerance, in both the childhood and adulthood of the offspring [30, 31] . Insulin signaling in the brain is required to inhibit glucose synthesis in the liver [32] , and glucose metabolism in the brain can also regulate blood lipid levels [33] . Previously studies suggests that the dysfunction of insulin function in the brain would cause a decrease in liver glycogen levels, since glucose cannot be absorbed and stored as glycogen, as has been observed in neonates of females exposed to cigarette smoke during pregnancy [22] .
Histopathological observations of neonates exposed to cigarette smoke during fetal life in our study showed histological picture characterized by parenchyma inflammation and cellular degeneration in the liver parenchyma, but showed no fibrotic tissue repair. According to D' Agostini et al. [34] , in similarly model exposure to cigarette smoke after birth causes pathological changes that include parenchymal liver dystrophy, which were not observed in the control animals.
Conclusion
To our knowledge, this is the first study demonstrating the effects of cigarette smoke on the livers and spleens of C57BL/6 mice exposed to smoke during their fetal life. The study examined changes in biometric parameters, the influx of inflammatory cells into the liver parenchyma, the formation of splenic white pulp, and glycogen deposition, between control animals and animals exposed to cigarette smoke. Future studies will be necessary to determine the mechanisms responsible to histological found, opening new possibilities, among others, to immunological, biochemical and molecular research.
